Candida albicans causes serious diseases which mainly occur in the immunocompromised host. It has been reported that the b-1,2-linked oligomannosides of the mannan of C. albicans act as an adhesin, 1-3) a hydrophobic factor, 4) and a tumor necrosis factor (TNF)-a releasing factor. 5) We have some reports of the mannosyltransferases (MTs) of Candida, i.e., b-1,2-MTII, 6) which participated in the biosynthesis of factor 6, 7) a-1,6-MT, 8) which participates in the biosynthesis of factor 4, 9) and b-1,2-MTVI, 10) which participates in the biosynthesis of factor 9.
Candida albicans causes serious diseases which mainly occur in the immunocompromised host. It has been reported that the b-1,2-linked oligomannosides of the mannan of C. albicans act as an adhesin, [1] [2] [3] a hydrophobic factor, 4) and a tumor necrosis factor (TNF)-a releasing factor. 5) We have some reports of the mannosyltransferases (MTs) of Candida, i.e., b-1,2-MTII, 6) which participated in the biosynthesis of factor 6, 7) a-1,6-MT, 8) which participates in the biosynthesis of factor 4, 9) and b-1,2-MTVI, 10) which participates in the biosynthesis of factor 9.
11) Recent studies on the genes of MTs and the deficient mutants in C. albicans have been reported. [12] [13] [14] More recently, we have performed the detection of the newly b-1,2-MT VI-6, 15) which participates in the biosynthesis of factor 5, oligomannosyl side chains consisting of homologous b-1,2-linked series 16, 17) present in the mannan acid-labile fraction, to ascertain the mechanisms of the structural changes in the mannans found in C. albicans cells cultured at high temperature. 18) It is important to determine the mechanisms of changes in the antigenicity, namely the mannan structures, of C. albicans cells grown under various circumstances in order to accurately diagnose candidiasis.
This paper describes some new properties of the b-1,2-MTs, which participate in the biosynthesis of b-1,2-mannooligosaccharides in the mannan acid-labile fraction of the C. albicans NIH B-792 strain.
MATERIALS AND METHODS

Strains and the Cultivation
The C. albicans NIH B-792 (B-792) strain was used in this study. The main cultivations were separately conducted for 48 h under standard (27°C) conditions in the liquid media, yeast extract-added Sabouraud medium (YSLM). 19) Preparation of the Mannans and the Substrates The cell wall mannans from the B-792 strain cells cultured at 27°C for 48 h in YSLM were prepared by a combination of extraction with hot water and short-term precipitation with Fehling solution. 20) The mannooligosaccharides used as the substrates were prepared from the mannan using the 10 mM HCl treatment.
21) The obtained b-1,2-linked mannooligosaccharides from biose to heptaose were abbreviated as bM2, bM3, bM4, bM5, bM6, and bM7.
Enzyme Preparation The enzyme fraction containing the MTs from the yeast cells was obtained as follows.
6) The B-792 cells were obtained by cultivations at 27°C or 37°C for 10 h in YSLM. The yeast cells were resuspended in a specified buffer and homogenized by a Bead Beater (Biospec Products) using glass beads. The membrane preparations, pellet (fraction P) and supernatant (fraction S) separated by centrifugation, were kept at Ϫ90°C and were both assayed for protein contents 22) and MT activity. Effect of Divalent Metal Ions, pH, and Temperature on the b b-1,2-MT VI-6 Activity The b-1,2-MT VI-6 assay was conducted according to a previous paper. 15) Namely, the assay mixture containing 6 ml enzyme fraction (69 mg protein), 50 mM pyridylamino (PA) derivative of b-1,2-linked mannohexaose (Manb 1→2Manb 1→2Manb 1→2Manb 1→ 2Manb1→2Man), PA-bM6, of 2.5 ml, 125 mM GDP-mannose donor of 4 ml, and 50 mM Tris-maleate buffer (pH 7.0) of 12.5 ml containing 40 mM MnCl 2 and 0.6% (w/v) Triton X-100, in a total volume of 25 ml, was incubated for 3 h at 30°C. Each fraction mixture was analyzed by HPLC using an Amide-80 column (Tosoh Co., Tokyo, Japan).
6) The amount of the product was estimated by its fluorescence intensity using PA-mannose as the standard.
Effect of Growth Temperature of the Cells on the b b-1,2-MT Activity For this assay, free mannose, M, and mannooligosaccharides, bM2-bM6, were used as the substrates without pyridylamination. The assay mixture containing the enzyme fraction of 48 ml (69 mg protein), 50 mM M or bM2-bM6 of 20 ml, 125 mM GDP-mannose donor of 32 ml, and 100 mM Tris-maleate buffer (pH 7.0) of 100 ml containing 40 mM MnCl 2 and 0.6% (w/v) Triton X-100, in a total volume of 200 ml, was incubated for 3 h at 30°C. The reaction was stopped by heating for 10 min at 100°C. Each fraction mixture was analyzed by HPLC. For M and bM2, an Amide-80 column (Tosoh Co., Tokyo, Japan) 6) was used for the normal phase HPLC. The flow solvent was a 85 : 15 (v/v) mixture of acetone and H 2 O, and flow rate was 1.0 ml/min at 80°C. For bM3 to bM7, a YMC-Pack PA-25 column (YMC Co., Kyoto, Japan) was used for the HPLC. The flow solvent was a 52 : 48 (v/v) mixture of acetonitrile and H 2 O, and flow rate was 2.0 ml/min at 25°C. Detection of the oligosaccharides was conducted using a differential refractometer. The activity of the enzyme was defined as the amount (nmol/mg protein/h) of the incorporated mannose per h.
Nuclear Magnetic Resonance Spectroscopy The 1 H-NMR spectra of the oligosaccharides were used for the identification of the structures. 17) RESULTS AND DISCUSSION In order to obtain accurate information on the antigenicity and the pathogenicity of Candida, we conducted a series of studies of the structures of the cell wall mannans. As the b-1,2-mannosyl residues have a strong antigenicity 21) and adhesive activity to the macrophages, [1] [2] [3] it seems that the b-1,2-mannooligosaccharides play important roles in the pathogenicity and the adaptation to their environment. With the objective of clarifying the antigenicity and the pathogenicity of C. albicans cells grown in a patient's body, we have reported that the structures of the mannan 18) and the activities of the MTs 15) from the B-792 strain cells by cultivation at body temperature (high temperature, 37°C) drastically change compared to those from the standard temperature (27°C). In this study, we tried to determine some new properties of the b-1,2-MTs which are responsible for the biosynthesis of the C. albicans acid-labile mannans.
The reaction system using the membrane preparations, fractions S and P, from the B-792 strain cells cultured at 27°C and the PA-bM6 resulted in producing the corresponding PA-mannoheptaose as the sole product by HPLC (Fig. 1) . Since the b-1,2-MT VI-6 activity 15) was mainly observed in fraction P (12.7 nmol/mg protein), we used this fraction as the enzyme preparation for further studies. The structure of the enzyme reaction product, mannoheptaose, based on 1 H-NMR, was completely consistent with that of bM7 (Fig.  2) .
17) The enzyme (b-1,2-MT VI-6) exhibited a maximum activity at pH 7.0 and at 30°C (Fig. 3) . The optimum pH was the same as that of b-1,2-MT II.
6) The b-1,2-MT VI-6 activ- The reaction was carried out for 3 h at 30°C as described in Materials and Methods. , and EDTA, but completely inhibited by Zn 2ϩ and Ni 2ϩ (Table 1) . This enzyme (b-1,2-MT VI-6) has the following similarities and differences when compared to the other enzymes. The requirement for metal ions is not recognized which is similar to those previously observed in b-1,2-MT II 6) of C. albicans, though the a-MTs b-1,2-MT II, a-1,6-MT, and b-1,2 -MT IV. The complete inhibition by Ni 2ϩ is different from these three enzymes. The effect of EDTA is similar to b-1,2-MT II and b-1,2-MT IV, but completely different from a-1,6-MT. Thus, it shows that the b-1,2-MT VI-6 is characteristic of the effect of divalent metal ions. We have already reported that the mannan prepared after cultivation of the B-792 strain cells at high temperature (37°C) lost most of the b-1,2-linked mannopyranose units in the acid-labile part, 18) and the changes in the mannan structures are dependent on the activity (the presence) and the stability against temperatures of the b-1,2-MT VI-6.
15) The b-1,2-MT activity of the enzyme fractions prepared from the cells grown at 27°C and 37°C were tested using mannose and b-1,2-linked mannooligosaccharides without PA derivatization. As shown in Table 2 , the enzyme activity from the cells grown at 37°C is 40-50% of those from the cells grown at 27°C in case of use of longer oligosaccharides than triose as the substrate. In the preceeding paper, 15) we have shown that the b-1,2-MT VI-6 did not detect from the enzyme fraction from the cells grown at 37°C. We assume that such a difference of the substrate specificity of the b-1,2-MT VI-6 is the difference of the activity against PA-bM6 and bM6. Based on these results, it is obvious that the disappearances or the decreases in the acidlabile mannan sugar residues under the 37°C conditions depend on the decrease in the activities of not only b-1,2-MT VI-6 15) but also the other b-1,2-MT VI-2-5. 18) Recently, it has been reported that C. albicans has a novel gene family of nine b-1,2-MT homologues. 14) We need to clarify the properties of the b-1,2-MTs in detail.
We, for the next stage, are interesting in studying the mechanisms of the mannan structure changes and the growth inhibitions 18, 19, 25) of C. albicans cells grown under various stress conditions in order to perform an accurate diagnosis and an effective therapy of candidiasis. The reaction was conducted as described in Materials and Methods with PA-bM6 as the substrate, except that the additional divalent metal ions to the reaction mixture was varied as indicated. The reaction was conducted as described in Materials and Methods except that the substrate was varied as indicated.
